Objective. To evaluate the effectiveness of pediatric practice consultation in reducing missed-opportunity rates at eight pediatric sites in Baltimore, Maryland. The overarching goal was to decrease the occurrence of missed opportunities from 33% to 15% for the first, second, and third diphtheria and tetanus toxoids and pertussis vaccines during visits at which children were eligible for the vaccines.
INTRODUCTION
Missed opportunities for vaccination contribute to underimmunization and are a major focus of efforts to improve vaccination coverage among US children. This paper describes an intervention study designed to reduce missed-opportunity rates at eight pediatric sites in Baltimore. We compared the effect of an in-office educational program alone at four sites to the in-office educational program and a consultation on office immunization practices at four matched sites. All eight sites received a small grant ($2,000) to encourage and fund practice changes. We hypothesized that the educational program would increase physician knowledge of the immunization guidelines and risk factors for delayed vaccination, and that the consultation would stimulate changes in vaccination policies and practices. These changes would decrease the occurrence of missed opportunities from 33% to 15% at DTP1-DTP3 vaccine-eligible visits. Before and after the interventions, we measured missed-opportunity rates for DTP1, DTP2, and DTP3 and assessed provider knowledge, attitudes, and practices (KAP) and site policies and operations regarding immunization. The study was approved by the Committee on Human Research of the Johns Hopkins University School of Public Health.
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STUDY Ds
Eight pediatric sites in Baltimore participated in the pretest, post-test non-equivalent comparison group study. These sites were selected from the practice sites surveyed in the 1991-1992 Baltimore Provider-Based Immunization Study (BPIS)] 7 The BPIS included 40 of the 41 sites that provided primary health care to children and were located in or contiguous to 57 of Baltimore's poorest census tracts. The BIS community-based sample of children was drawn from these census tracts. 2
Each of the 40 sites was characterized by practice type: health center (9); hospital clinic (9); staff-model health maintenance organization (HMO) (9); or private practice (13) . Within each practice type, the two sites with the closest match on source of vaccine (public or private), size of practice (number of children aged 2.5 to 3 years with medical records at the site), and vaccination coverage measured in the BPIS were invited to participate. All eight sites agreed to participate. One site in each pair was then randomly selected to receive both the education program and the consultation (the education-consultation site); the other site received only the education program (education-only site). Table I vaccination, and to generate periodic reports of the site's vaccination levels.
Later, the management consultant telephoned the site's medical director or solo physician to verify receipt of the report and answer questions. The team provided no other assistance.
Grant. One to two months after the consultation at each education-consultation site, that site and its matched site received a $2,000 grant to improve vaccination delivery. Seven of the eight sites used the grant to strengthen their information systems: for example, to support data-entry costs or purchase computer hardware or software. The eighth site, already funded to upgrade its information system, used the grant to develop an educational booklet for parents of newborns. Coincidentally, prior to the consultation both HMOs planned information system improvements that became functional during the 4 months before the postintervention period.
DATA COLLECTION
Between the preintervention period and the educational program, the physicians and nurse practitioners at each site completed a self-administered KAP questionnaire, and the medical director or solo physician completed a self-administered questionnaire on site policies and operations. After the postintervention period, the questionnaires were repeated ( and postintervention difference in the missed-opportunity rate between the consultation-education and education-only site that exceeds twice the standard error for the effect is considered statistically significant (c~ = .05).
In addition, at each site before and after intervention, we assessed the number and percentage of (1) preventive and sick visits, (2) all visits when a vaccination assessment was recorded, (3) visits when a missed opportunity for DTP vaccination and receipt of at least one other vaccination occurred simultaneously, and (4) children with multiple eligible visits. We also calculated the mean age at which children made their first DTPl-eligible visit.
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Overall, 62% of 60 resident physicians and 85% of 39 nonresident physicians and nurse practitioners responded to the preintervention KAP survey; 71% of 62 residents and 98% of 41 nonresident physicians and nurse practitioners completed the postintervention KAP questionnaires. These percentages were similar across the education-only and the education-consultation sites. Of the 31 residents and the 36 nonresidents eligible for both the preintervention and postintervention questionnaire, 48% and 81%, respectively, completed both.
The KAP scores and reported policies and operations (Table II) sites before and after intervention and showed no consistent pattern of changes after intervention. 2~ There were a few exceptions. All sites scheduled subsequent well-child appointments at the current visit preintervention and postintervention, and all required consent for vaccination before intervention. Only the educationconsultation solo private practice site did not require consent after intervention.
The matched pairs had similar DTP immunization schedules.
In the aggregate, preintervention missed-opportunity rates were comparable at the education-only and education-consultation sites (Table III) and similar to DTP and OPV missed-opportunity rates in the BIS. The total rate for missed opportunities increased at education-only sites, from 33% preintervention to 43% postintervention, and decreased at consultation-education sites, from 36% to 32% preintervention and postintervention, respectively. The direction of change at sites within each of the two groups varied. Only three sites, both HMO sites and the health center education-consultation site, experienced decreases in missed opportunities. One practice, the HMO education-only site, achieved a missedopportunity rate of less than 15%. Because of the lack of uniformity, we compared the matched pairs of sites. The only statistically significant difference in preintervention to postintervention missed-opportunity rates occurred between the two health centers, largely because of an increase in missed opportunities at the education-only site.
We examined differences in missed-opportunity rates at sick and preventive visits (Table III) Of the three sites that reduced missed-opportunity rates, only the two HMOs experienced improvements in the timeliness of health care visits as measured by a decrease in the mean age at the first DTPl-eligible visit (Table IV) . The two sites with the largest increase in missed-opportunity rates had the greatest increase in mean age at this visit. No consistent pattern between missed opportunities and age at visit was evident for the other sites. The HMO that experienced the largest decrease in missed opportunities and lowest missed-opportunity rate following the intervention also experienced a large increase in vaccination assessments (Table V) . There was, however, no consistent association between assessment and missed-opportunity rates at the other sites.
DISCUSSION
We observed a statistically significant consultation effect for all sites combined; however, this positive effect was largely due to an unexpected and unexplained increase in missed opportunities at the education-only health center. There is no evidence that the educational program alone reduced missed opportunities; at only one education-only site was there a reduction in the missed-opportunity rate. In addition, we observed no consistent change in knowledge, attitudes, and practices or site policies and operations preintervention and postintervention.
The duration and intensity of the interventions may have been inadequate to expect an improvement in practices. We gave the providers only one educational session and the education-consultation sites only one consultation visit. Even if the advice directly addressed the factors that might have been essential to reduce missed opportunities, the sites had only 4 months and $2,000 to implement the new practices. The preintervention and postintervention periods were too short to measure the effect of the interventions on overall vaccination coverage rates.
Sites that decreased missed-opportunity rates did so at sick visits more than at preventive visits, even though the majority of visits made by children were preventive. The ability of sites to reduce missed opportunities at sick visits offers encouragement to other sites to take advantage of these visits to vaccinate eligible children. Changes in simultaneous vaccination did not explain reductions in missed opportunities. Only 12 children had a missed-opportunity visit for DTP1, DPT2, or DPT3 and received another vaccination at the visit; this finding is similar to the BIS results. The HMO findings were incidental to the interventions. Both HMOs planned information system improvements prior to the study; these took effect between the preintervention and postintervention periods. This time was insufficient to implement such systems fully at the sites, which had no prior planning. Although not directly related to the interventions, the HMOs' success suggests strongly that improved patient tracking and follow-up data systems may help reduce missed opportunities.
At the HMOs, the changes associated with the tracking and follow-up systems were multifaceted. Both HMOs began to actively identify children needing vaccination, remind providers at encounters of vaccinations due, ensure that children were appropriately vaccinated at visits, and follow up children who did not keep 
